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The  polarimetric  passive  techniques  have  been  used  for  the  retrieval  of  ocean  wind  speed  and 
directions  by  measuring  the  polarimetric  brightness  temperature  of  the  ocean  surface.  However, 
under  high  wind  conditions,  the  presence  of  foam  will  significantly  affect  the  brightness 
temperature  signature  of  the  plain  ocean  surface.  In  addition  to  the  empirical  model  of  the  foam 
contribution  to  the  thermal  emission,  the  previous  theoretical  studies  are  mostly  based  on  simple 
geometry  models,  which  may  not  reflect  the  realistic  physical  situation. 

In  our  study,  we  modeled  the  foam  as  a  volume  with  thin-film  water  bubbles.  The  radiative  transfer 
(RT)  equations  were  set  up  in  this  volume  with  the  boundary  conditions  linking  the  atmosphere  and 
the  ocean  surface.  At  the  frequency  we  were  interested  in,  we  assumed  the  penetration  depth  of  the 
electromagnetic  wave  in  the  foam  layer  to  be  much  shorter  than  the  foam  thickness,  the 
electromagnetic  wave  interaction  between  the  foam  layer  and  the  ocean  surface  was  ignored  and 
the  formulation  was  greatly  simplified.  The  RT  equations  in  the  foam  layer  were  solved  by  using  an 
iterative  method,  and  a  closed  form  solution  was  obtained  up  to  the  first  order.  In  the  solution  of  the 
RT  equations  in  the  foam  layer,  the  terms  provide  the  physical  meaning  of  the  wave  propagation 
and  interaction  between  the  atmosphere  and  the  water  bubbles  in  the  foam.  For  the  interface  of  the 
atmosphere  and  the  open  ocean  surface,  thermal  emission  is  the  sum  of  the  reflection  of  down¬ 
going  atmospheric  thermal  emission  and  the  thermal  emission  from  the  plain  ocean  surface.  The 
total  thermal  emission  at  the  radiometer  is  the  sum  of  the  contribution  from  the  atmosphere-foam 
interface  and  the  atmosphere-plain  ocean  surface  interface,  weighted  by  the  foam  coverage.  In  the 
one-scale  model,  in  which  only  the  small-scale  ocean  waves  are  taken  into  account,  we  found  that 
the  atmospheric  thermal  emission  is  comparable  to  the  foam's  thermal  emission  for  the  co-polarized 
waves.  The  two-scale  model  is  more  realistic  in  comparison  with  the  one-scale  model,  however  it 
requires  much  more  computational  time  since  two  more  folds  of  integration  are  needed  for 
averaging  over  the  slope  of  large-scale  ocean  waves.  The  propagation  of  the  specific  intensity  is 
also  modeled  using  the  RT  theory  for  the  atmosphere.  Since  the  scattering  in  the  atmosphere  is 
ignored,  the  only  existing  parameter  in  the  RT  equations  is  the  absorption  coefficient  that  is 
obtained  from  the  millimeter-wave  propagation  model  (MPM)  with  the  use  of  standard  atmospheric 
profile  data  available  in  the  US  Standard  Atmosphere  1976.  Although  it  is  difficult  to  obtain  the 
atmospheric  profile  data  at  the  particular  measurement  site,  a  further  study  is  suggested  to  validate 
the  atmospheric  emission  model  using  measurement  data.  ' 
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